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ABSTRACT 

The Central Review Committee of the National Academy 

of Sciences Space Applications Summer Study has concluded at 

the end of a two year effort that more money should be put 

into the Space Applications Program of NASA, even though it is 

not feasible as yet to give a specific cost benefit analysis 

for the projected results. 

be increased to cope with technology development, it appears 

that the fundamental problems facing operational space sensing 

systems are principally administrative and political. 

While funding levels will need to 
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INTRODUCTION 

The b r i e f i n g  and seminars  he ld  i n  Woods Hole from 
J u l y  31 t o  August 3 culminated t w o  y e a r s  of work by a C e n t r a l  
Review Committee and twelve t e c h n i c a l  pane l s  of t h e  Na t iona l  
Academy of Sc iences .  The purpose of t h e  s tudy  w a s  t o  gu ide  
NASA i n  t h e  area of space a p p l i c a t i o n s .  A pane l  of expe- 
r i enced  bus iness  men was added t h i s  year  t o  assess t h e  expected 
b e n e f i t s .  The b r i e f i n g  was a t t ended  by about  100 members of 
government departments  and agenc ie s ,  such as A g r i c u l t u r e ,  
Commerce, I n t e r i o r ,  HEW, T ranspor t a t ion ,  FAA, BOB, S t a t e ,  
Defense, NAS, NASA, and t h e  House and Senate .  The Seminars 
d e a l t  w i th  a v a r i e t y  of t e c h n i c a l  and nontechnica l  problems 
such a s  sens ing  systems, payload engineer ing ,  d a t a  p rocess ing  
and u t i l i z a t i o n ,  economics, i n t e ragency  and i n t e r n a t i o n a l  
i m p l i c a t i o n s .  The meeting conveyed t h e  r e a l i z a t i o n  t h a t  t h e  
fundamental problems of space a p p l i c a t i o n s  a r e  non-technical  
i n  na tu re .  M r .  James Webb suggested t h a t  members of t h e  
Academy of Pub l i c  Adminis t ra t ion should be added i f  t h e  s tudy  
w e r e  t o  be cont inued.  It i s  almost an axiom of h igh - l eve l  
space planning t h a t  a l l  t e c h n i c a l  problems are solved e v e n t u a l l y ,  
provided s u f f i c i e n t  t i m e  and funds are  a v a i l a b l e .  The funding 
of t h e  p r e s e n t  space a p p l i c a t i o n s  e f f o r t  w a s  be l ieved  t o  be too 
l o w  by a f a c t o r  of t w o  or t h r e e  f o r  adequate  t e c h n o l o g i c a l  
advance w i t h i n  a d e s i r a b l e  t i m e  frame. The C e n t r a l  R e v i e w  
C o m m i t t e e  suggested t h a t  t h e  emphasis of t h e  n a t i o n a l  space  
program should be o r i e n t e d  towards b e n e f i t s  f o r  a l l  mankind. 
A s p i r i t e d  d i s c u s s i o n  ensued as t o  whether o r  n o t  t h i s  i s  com-  
p a t i b l e  wi th  t h e  p r e s e n t  primary goal of t h e  program, which i s  
t o  p u t  man i n t o  space.  It  w a s  concluded t h a t  a few hundred m i l -  
l i o n  d o l l a r s  spent  on space a p p l i c a t i o n s  w i l l  n o t  endanger t h e  
m u l t i b i l l i o n  manned space program, b u t  t h e  undercur ren t  i n  t h e  
opin ions  expressed seemed t o  be t h a t  t h e  t w o  g o a l s  of " b e n e f i t s  
t o  mankind" and "man i n  space!! warran t  more equa l  funding.  



BELLCOMM, INC. - 2 -  

While a d e t a i l e d  comparison between manned and 
unmanned modes w a s  n o t  made, the s tudy  assumed t h a t  automated 
sa te l l i t es  would be t h e  m o s t  n a t u r a l  o p e r a t i n g  systems. How- 
ever, sens ing  p r i n c i p l e s  and hardware as  w e l l  as d a t a  handl ing ,  
a n a l y s i s  and d i s t r i b u t i o n ,  and a d m i n i s t r a t i v e  and p o l i t i c a l  
a s p e c t s  are s i m i l a r  o r  i d e n t i c a l  f o r  manned and unmanned space  
a p p l i c a t i o n s ,  SO t h a t  t h e  space a p p l i c a t i o n s  summer s tudy  w i l l  be  
of s i g n i f i c a n c e  t o  a l l  sens ing  of environment from space ,  
i nc lud ing  a s p e c t s  of t h e  luna r  and p l a n e t a r y  programs. I n  t h e  
fo l lowing ,  some key a r e a s  d iscussed  du r ing  t h e  f o u r  days are  
h igh l igh ted .  

1. General Objec t ives  and S t a t u s  

D r .  Al lan  Pucke t t ,  Hughes A i r c r a f t  Company, d i scussed  
u s e s  of space technology and achievements t o  d a t e .  The g e n e r a l  
o b j e c t i v e  of space a p p l i c a t i o n s  i s  t h e  employment of e a r t h  
o r b i t i n g  sa te l l i t es  f o r  d i r ec t  b e n e f i c i a l  impact on t h e  soc ia l ,  
economic, and i n d u s t r i a l  world.  One can d i s t i n g u i s h  two broad 
c a t e g o r i e s  of s a t e l l i t e  uses:  

1. Communications s a t e l l i t e s  ( r e l a y s ,  r e p e a t e r s )  

2 .  Observation and sens ing  (' 'eye i n  t h e  s k y " ) .  

The s t a t u s  of the  technology has  g r e a t l y  changed du r ing  
t h e  p a s t  t e n  yea r s .  There is  now a l a r g e  c a t a l o g  of b o o s t e r s .  
Guidance and c o n t r o l  systems have evolved t o  a r o u t i n e  matter 
today  w h a t  w a s  only margina l ly  p o s s i b l e  f i v e  y e a r s  ago, such as  
1 / 1 0  degree o r b i t a l  accu rac i e s  and 1/100 m i l l i r a d i a n s  s t a t i o n  
keeping p o s i t i o n s .  The o r b i t a l  l i f e t i m e  of equipment has  
c o n s t a n t l y  inc reased ,  and 5-7 y e a r s  i s  now considered reasonable .  
T h i s  ho lds  f o r  e l e c t r o n i c  and, r e c e n t l y ,  for mechanical equipment. 
I n  fact ,  such i s  t h e  pace of t echno log ica l  e v o l u t i o n  t h a t  w e  do 
no t  know how long a s a t e l l i t e  can be made t o  l a s t .  The cost 
l eve rage  of extended o r b i t a l  l i f e t ime  i s  enormous, i n  t h a t  doubl ing  
t h e  l i f e t i m e  means e f f e c t i v e l y  c u t t i n g  t h e  miss ion  costs i n  h a l f .  
M r .  Webb poin ted  o u t  t h a t  t h e  i n c r e a s e  i n  systems r e l i a b i l i t y  i s  
n o t  un re l a t ed  t o  t h e  need t o  man-rate b o o s t e r s  and hardware i n  
manned programs. 

2 .  A r e a s  of A m l i c a t i o n  

D r .  Beardsley Graham of C o m s a t ,  and D r s .  Ralph Shay 
an6 Verner Suomi d iscussed  areas of a p p l i c a t i o n  i n  communication 
and nav iga t ion ,  meteorology and e a r t h  r e sources .  

A 6 0 0 - l b .  s a t e l l i t e  i n  sun-synchronous earth o r b i t  can 
d e l i v e r  24 channels  f o r  r eb roadcas t ,  or one channel  over  t h e  t i m e  
zone it cove r s  a t  any moment. A geosynchronous VHF sa t e l l i t e  over 
t h e  A t l a n t i c  Ocean c a n  serve a i r  and sea t r a f f i c  c o n t r o l .  
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A 24 channel  geosynchronous s a t e l l i t e  over I n d i a  can d e l i v e r  
8 channels  per  t i m e  zone and can c a r r y  4 vo ice  channels  pe r  
v ideo  channel  t o  h e l p  overcome t h e  language b a r r i e r  of  t h e  
Ind ian  people .  T h e r e  i s  a need of in format ion  on t h e  e f f e c t i v e  
u s e  of t h e  e lec t romagnet ic  spectrum i n  communication ( " t h e  
frequency c r i s i s" ) .  

S a t e l l i t e s  w i l l  be used f o r  po in t - to-poin t  communi- 
c a t i o n  wi th  senso r s  on t h e  ground, a f l o a t  and a l o f t .  There 
are 1 4 , 0 0 0  p l an ted  senso r s  i n  e x i s t e n c e ,  measuring p h y s i c a l  
parameters  i n  remote areas of t h e  g lobe .  For 1975,  27,000 
senso r s  are  f o r e c a s t ,  such a s  flow gauges,  sea s t a t e ,  r a i n f a l l ,  
wind, temperature  and p r e s s u r e  meters. Hydrologis t s  a lone  
p r o j e c t  t h e  need f o r  about  50,000 senso r s  by 1975,  and some 
p r e d i c t i o n s  go as  high a s  250,000. Oceanographers speak of 
needing about  500  buoys (which cost  about $0 .3  m i l l i o n  a p i e c e ) .  
D r .  G .  Ewing of Woods Hole s t a t e d  t h a t  t h e  buoy program has 

D r .  Shay poin ted  o u t  t h a t  a numerical  model f o r  improved storm 
warnings and weather f o r e c a s t  would r e q u i r e  t h e  measurement of 
some 8-9 atmospheric parameters from s a t e l l i t e s  i n  l o w  r e so lu -  
t i o n  wi th  a r e p e t i t i o n  r a t e  of 1-2  per  day. 

a l o t  t o  o f f e r  "as long a s  it does not  go overboard" ( :  1 

Ear th  r e sources  s a t e l l i t e s  are approaching t h e  
development phase. I n  t h e  e a r l y  1 9 7 0 ' s  NASA p l ans  c a l l  f o r  
three-band TV cameras and scanners  f o r  s p e c t r a l  measurement 
(ERTS). These would be followed i n  t h e  mid - 1 9 7 0 ' s  wi th  d a t a  
c o l l e c t i o n  and n e a r l y  o p e r a t i o n a l  f o r  u s e r  suppor t .  

3 .  Information Systems and Technical  Appl ica t ion  

D r .  A. Anderson and D r .  E .  P i o r e  of IBM s t imu la t ed  a 
d i s c u s s i o n  on program management. 
and geode t i c  d a t a  handl ing exper ience ,  they  concluded t h a t  an  
evo lu t ion  of d a t a  ou tpu t  beyond t h e  image format must be achieved 
through automation a s  t h e  r e s u l t  of a g g r e s s i v e l y  managed devel-  
opment programs. For example, in format ion  systems can be made 
t o  "answer" s p e c i f i c  ques t ions ,  such as t h e  d i s t r i b u t i o n  of 
s p e c i f i c  v e g e t a t i o n ,  s o i l  t ypes ,  minera ls  o r  sea s ta te ,  or  t o  
r e p o r t  changes of t h e  environment beyond a p r e s e t  l e v e l ,  r a t h e r  
t han  burden t h e  communication l i n k s  wi th  r a w  image t ransmiss ion .  
Simulated,  l a r g e - s c a l e  d a t a  problems need t o  be a t t a c k e d  now. 
Progress  w i l l  be made by doing,  t h e n  by improving t h e  inadequate  
f i r s t  r e s u i t s .  

From e x i s t i n g  meteoro logica l  
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The Central Review Committee agreed that the pace 
of the program needs to be changed. Both crash and leisure 
programs are known to be costly. At $100 million per year, 
the space applications program is believed to be moving too 
slowly. Doubling or tripling of the program support was 
suggested. 

4 .  Cost Benefit Analysis 

University examined costs and benefits. Lenher stated that 
the field of space applications is not ready for conventional 
cost benefit analysis. During the present R&D phase, judgment, 
not cost benefit analysis,must be the principal concern. 
Industry generally requires a gestation period of 5-10 years 
for new developments prior to analyzing their potential benefits. 
In this case, this would be at the time when prototype satellites 
and some operational satellites have been flown. 
not all the benefits of the applications program will ever be 
measurable in dollars. 

M r .  S .  Lenher of Dupont and Dr. J. Hobbs of Lehigh 

Undoubtedly, 

Dr. Hobbs projected some cost figures for the user 
disciplines of space applications for a four year time span, 
which are shown in Table 1. 
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TABLE 1. COST ANALYSIS BY DISCIPLINES 
IN MILLION DOLLARS PER 4 YEARS 

Space Segment Processing and Distribution 

R&D Initial Oper. and Total RLD Initial Oper. and Total 
Investmt. Plaint. - Investmt. Maint. - 

Agriculture 16 24 18 58 7 6 56 69 
Forestry 

Geography 

Geology 
Hydrology 
Oceanography 14 

7 13 12 32 2 - 4 6 

15 57 37 109 21 12 81 114 

69 56 139 50 2 20 72 

1 
TOTAL 5 2  163 123 338 80 20 161 261 

Total $599 Million for four years 

TABLE 2. COST ANALYSIS OF COMMONALITY MISSIONS 
Space Segment, Seven Year Total 

R&D Initial Operation Total 
Investment and Maint. - 

Polar Earth Resources 5 
Satellite 

72 36 113 

7 28 32 67 Geosynchronous Data 
Relay Satellite 

Aircraft Radar in 
Geology 

6 1 5 12 

TOTAL 18 101 73 192 

Seven year total of separate disciplines 

Seven year total of common missions 

Savings due to commonality 

$338 Million 

$192 Million 

$146 Million 
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Furthermore, he introduced the term "commonality" of 
sensors in user areas and gave it an apparent economic signifi- 
cance by equating it with "money saved". This is shown in 
Table 2. 

During the seminar sessions, the economic use of 
the commonality principle came under attack. Technical groups 
agreed that there is commonality in concept and in physical 
principles, but that it is often impossible to carry the term 
over into the operational sphere. Therefore, the above 
indicated savings appear to be largely ficticious. One well- 
formulated opinion was that "systems engineering is for- 
malized common sense. Therefore, if analysis shows that 
commonality costs less than noncommonality - fine. If it costs 
more - forget it". 

It was pointed out that commonality between the 
civilian and military programs had not been addressed in this 
study . 

For seven year meteorology program, the projected 
cost figures were as shown in Table 3.  

TABLE 3 .  SEVEN YEAR METEOROLOGY PROGRAM COSTS ($Mill.) 

R&D Initial Operation Total 
Investment and Maint. - 

Space Segment 26 158 108 292 

6 2 1 2 0  1 2 8  Process and 
Distribution 

TOTAL 3 2  160 228 4 2 0  

It is significant that all projected numbers exceed the 
present budget framwork of the space applications program by 
factors of 2 to 4. 

5. National and International Considerations 

Messrs, T. MalC?ne (Travelers I n s u r x i c e )  and E. Ackerman 
(Carnegie Institution of Washington) addressed important tech- 
nical and nontechnical aspects of space applications. The key 
question is what each user agency wants from space technology 
in its role as custodian of a public interest. 
participation of government agencies other than NASA in space 
applications is poorly defined and in need of intensification. 
This becomes particularly urgent if one considers, 

The role and 

as Dr. Malone 
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. 

pointed out, that, while human life on this planet from an 
insurance point of view will be possible for another 3 
million years or so, it will take considerable planning to 
get through the next 100 years. 
institutions or organizations to solve the national and 
international problems surrounding space applications. 
Costs should be shared, and benefits should not be over- 
estimated nor oversold. Fictitious numbers should not be 
attached to intangible benefits. 

It may take new kinds of 

6 .  Conclusions 

Among dominant recommendations for immediate 
action were 

1. Meteorology satellites 

2 .  Broadcast satellites 

3 .  Ground data processing 

4 .  International cooperation 

Two families of policy problems were recognized: 
Multiagency problems and international problems created by 
the need to develop and operate satellite systems of multi- 
disciplinary character. In the end, all space applications 
programs will outgrow the parent agency and will be govern- 
ment-wide and, indeed, planet-wide programs. 

Mr. Webb quoted the recent Floyd Thompson study of 
future space flight goals*, which stated such major objectives 
as the greatly increased understanding of the earth and its 
atmosphere, and the continuous or periodic monitoring of events 
and changes on the earth and in the atmosphere. "Man's role 
in this program will add flexibility and reliability to the use 
of complicated instruments and sensors that are automated to 
the maximum degree that the designer's knowledge of requirements 
and his ingenuity will permit". 

* 
Report of the Post-Apollo Advisory Group, July 20, 1968. 
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Mr. Webb also pointed out that if this summer 
study, started by the National Academy of Sciences, were 
to be continued, it should include participation by the 
National Academy of Engineering, the Academy of Public 
Administration, and the U. S. Gpverment. 

1015:BES:mat 
B. bjyL1Lh- E. Sabels ‘L 

a 


